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Computer-aided imaging can aid complex endovascular repair of aortic dissections in locating the narrow true lumen and
identifying perfusion of visceral vessels by the true and/or false lumen. Although these anatomic data are available for
analysis during planning, they are not readily available during the procedure with conventional imaging systems. We
report the use of “fusion imaging” to facilitate the treatment of a postdissection thoracoabdominal aneurysm. The
preoperative computer tomographic angiograms were processed, and the true and the false lumens were individually color
labeled. These data were then superimposed on the ﬂuoroscopic images in order to facilitate deployment of a fenestrated
endograft. (J Vasc Surg 2013;57:1109-12.)The endovascular aortic repair of complex aortic aneu-
rysms with fenestrated or branched grafts requires accurate
planning and, therefore, high-quality imaging. Computer
tomographic angiography (CTA) volume data are interro-
gated and manipulated with an appropriate workstation to
provide multiplanar reconstructions and thereby accurately
size and plan custom-made endografts. Most operative
imaging systems provide only two-dimensional ﬂuoroscopic
images with various reﬁnements such as subtraction and
roadmapping to facilitate positioning of the endograft.
Conventionally, none of the preoperative CTA data (posi-
tion of the aortic branches, true and false lumen location,
thrombus, or calciﬁcations) are directly available to the oper-
ating surgeon. Current developments in image-guided
therapy and computer-aided surgery in vascular surgery are
being combined to provide the preoperative data to the
surgeon during the operation.1 This case report describes
the use of fusion imaging (three-dimensional [3D] preoper-
ative CTA overlaid onto two-dimensional live ﬂuoroscopicFig 1. Preoperative sagittal (A) and axial (B) computed tomo-
graphic (CT) multiplanar reconstructions. The white arrow indi-
cates the proximal entry tear located at the thoracoabdominal
junction. The black arrow indicates the exit tear near the origin of
the left renal artery.
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Fig 2. Preoperative three-dimensional (3D) volume rendering of the aorta before (A) and after (B) postprocessing of
the true lumen (red) and the false lumen (yellow). C, The postprocessing volume is superimposed onto the two-
dimensional intraoperative ﬂuoroscopic image. The left renal artery was cannulated with a guidewire to check the
accurate location of the target vessels with the fusion. D, The position of the endograft delivery system within the true
lumen (red area) was conﬁrmed.
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racoabdominal aneurysm using a four-vessel fenestrated
endograft.
CASE REPORT
A 46-year-old woman with systemic lupus erythematous pre-
sented with aneurysmal dilation of a chronic thoracoabdominal
aortic dissection. Previous aortic procedures included ascending
aortic replacement, aorto-bi-iliac inlay grafting, and replacement
of a segment of the descending aorta with patch reimplantationof the origin of the distal intercostal arteries. The presenting
thoracoabdominal aortic aneurysm included the visceral artery or-
igins, which had not been previously treated. Given the multiple
previous aortic operations, endovascular surgery was the preferred
treatment option. Preoperative CTA was analyzed using an Aquar-
ius workstation (Tera Recon Inc, San Mateo, Calif). It showed
a 60–mm-diameter dilated dissection with a Crawford type III
anatomic distribution (Figs 1, A, and 2, A). There was evidence
of a communication between the true and false lumens at the level
of the left renal artery origin (Fig 1, B). The true lumen was narrow
Fig 3. Postoperative computed tomographic (CT) control
conﬁrmed patency of all target vessels and no residual ﬂow in the
false lumen.
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Endovascular exclusion using two tubular components was
planned: a proximal thoracic component to be positioned in the
previously surgically placed descending thoracic aorta graft with
its distal margin 20 mm proximal to the celiac trunk origin; and
a distal fenestrated component to be positioned with three-stent
overlap in the proximal thoracic component and in the main body
of the previously surgically placed infrarenal bifurcated bypass
distally. The distal component included two large fenestrations for
the celiac trunk and SMA and two small fenestrations for the renal
arteries. The small fenestrations were plannedwith preloaded guide-
wires.2 The procedure was performed in the TheraImage Plateform
Angiosuite at CHU de Rennes. The ﬁrst image processing (Fig 2,
A) was performed before the intervention using the Endosize work-
station (Therenva, Rennes, France) in order to label the true and
false lumens with different colors on the CTA (Fig 2, B).3 This post-
processed aortic volume data were then imported into the Syngo
software (Siemens Healthcare, Forchheim, Germany). To construct
the fusion image, this software needs to match the preoperative
CTA with an intraoperative CT performed with a C-arm digital
ﬂat-panel detector cone beam CT (Artis Zeego; Siemens Health-
care). This acquisition is performedwith a dedicated program allow-
ing an automatic 200-degree rotation without injection limited to
the abdomen. A total of 350 images are created and then recon-
structed with the Syngo software, producing CT-like images. The
bony structures of the CT-like images and the preoperative CTA
are manually aligned. When the alignment is accurate, the vascular
structure can be superimposed onto the two-dimensional live ﬂuo-
roscopic images. The color-labeled process allowed accurate
real-time 3D visualization of the true and false lumens during the
procedure (Fig 2, C). Fusion imaging also proved helpful during
catheterization of target vessels (Fig 2,D), so much so that contrast
injectionwas not required before target vessel catheterization; it was
necessary only to check patency after placement of the covered
stents. An early type III endoleak arising between the two aortic
components was identiﬁed. This was resolved by the adjunct of an
aortic extension cuff. Neither a type I nor a III endoleak was noted
on ﬁnal completion angiography. The duration of the operation was
245 minutes, contrast volume 145 mL, and ﬂuoroscopic time 60
minutes. The early postoperative follow-up was uneventful, and
no spinal cord ischemia symptoms were seen. The 1-month postop-
erative CTA (Fig 3) revealed a type II endoleak and four patent
target vessels.DISCUSSION
Total endovascular repair of chronic dissecting aneu-
rysms including the visceral arteries with fenestrated
endografts is a challenging procedure. In the few cases
that have been reported, the authors have highlighted chal-
lenges in navigating the true and false lumens and in cath-
eterizing visceral vessels.4 Aneurysm exclusion demands
that the proximal and distal sealing zones of the endograft
be located in the true lumen. This often is very narrow and
may hinder the ability to manipulate the main device and
catheterize the target vessels. We anticipated technical
difﬁculty with catheterization of the target vessels, particu-
larly the left renal artery, because of the communicationbetween the true and false lumens at that site. With this
in mind, we designed an endograft with wires preloaded
into the renal fenestrations.2 Sheaths for the renal arteries
were advanced directly through the renal fenestrations
without the usual need to catheterize these small fenestra-
tions. Catheterization of the renal arteries was then per-
formed with a catheter advanced through the sheath
parallel to the preloaded wires. This system provides
stability and support for the catheter and wire being used
to access the renal artery. We contend that the operative
and ﬂuoroscopic times are shortened with use of this
system.
Neuroradiologists were the ﬁrst to use this advanced
3D roadmap software during challenging brain aneurysm
repairs.5 Dijkstra et al6 described the ﬁrst use of fusion
images in endovascular aneurysm repairs. With CTA fusion,
3D roadmapping is available without the need for operative
contrast injection, and contrast-free thoracic endovascular
repair has now been reported with this imaging technique.7
Even if contrast is required, the location of the target vessel
origins and their catheterization are easier, and ﬂuoroscopic
times are reduced.
It is important to acknowledge that the deformations
imposed by stiff guidewires and sheaths can lead to a
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real location of the arterial structures (Fig 2, D). Further
technologies might anticipate such deformations and pro-
pose a deformed aortoiliac overlay.
This experience describes one application of fusion
imaging, but the ultimate aim of computer-aided imaging
and surgery is to simplify complex surgery by making all
preoperative data available and usable in the operating
room.
CONCLUSIONS
We report the case of endovascular repair of a complex
thoracic dissection facilitated by “fusion imaging.” Although
fusion imaging is a new technology in the vascular ﬁeld, we
anticipate that with further developments, it will be a useful
tool for endovascular procedures to reduce contrast and radi-
ation dose.
The authors are indebted to the Centre of Clinical
Investigation and Technological Innovation 804 for its
support in the processing of imaging data.REFERENCES
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